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General. Unless stated otherwise, all reactions were carried out under Ar in flame-dried glassware.
The solvents were purified by distillation over the indicated drying agents and were transferred 
(1R,2S)-Diethyl cyclohex-4-ene-1,2-dicarboxylate (3).
[3] H 2 SO 4 (conc., 25 mL, 469 mmol) was added to a solution of cis-1,2,3,6-tetrahydrophthalic anhydride (60.0 g, 394 mmol) in MeOH (600 mL) and the resulting mixture was stirred overnight at reflux temperature. The mixture was then concentrated under reduced pressure and the remaining oil diluted with water (100 mL). Solid NaHCO 3 was carefully added until the pH was neutral. The aqueous phase was extracted with tert-butyl methyl ether (4 x 100 mL), and the combined organic phases were dried over Na 2 SO 4 , filtered and concentrated to give product 3 as a clear oil (75.0 g, 96% 221.0785.
(1R,6S)-6-(Methoxycarbonyl)cyclohex-3-enecarboxylic acid (4).
[4] Diester 3 (74.5 g, 376 mmol) was suspended in phosphate buffer (1340 mL, 100 mM, pH = 7.0). Pig liver esterase (10.9 kU, 728 mg lyophilized powder) and ammonium sulfate (3 M in water, 3.16 mL) were added and the pH was kept constant by addition of NaOH (1 M) via a pH-stat for 2 d. For work up, the pH was adjusted to  10 by the addition of NaOH (1 M) and the obtained slurry was extracted with tert-butyl methyl ether (2 x 500 mL). The aqueous phase was acidified with conc. HCl until a pH 1 was reached, which led to significant precipitation of the enzyme. To facilitate the extraction, tert-butyl methyl ether (500 mL) was added and the mixture was filtered through a pad of Celite, which was carefully washed with water (100 mL) and tert-butyl methyl ether (100 mL). The S5 phases were separated and the aqueous phase was extracted with tert-butyl methyl ether (2 x 500 mL). The combined organic layers of the second extraction step (under acidic conditions) were dried over Na 2 SO 4 , filtered and concentrated to give compound 4 as a pale yellow oil (65.2 g, 94%). (3aS,7aR)-3a,4,7,7a-Tetrahydroisobenzofuran-1(3H)-one (5). [6] A flame-dried round bottom flask equipped with a droping funnel was charged with LiEt 3 BH (1 M in THF, 608 mL, 608 mmol) under argon. The solution was cooled to 0 °C before a solution of compound 4 (28.0 g, 152 mmol) in THF (20 mL) was added over a period of 30 min. Once the addition was complete, the mixture was stirred for 1 h at 0 °C and for 3 h at room temperature. For work up, the mixture was cooled to 0 °C and the reaction was carefully quenched by addition of aq. HCl (6 M, 500 mL). The resulting mixture was stirred overnight before it was extracted with tert-butyl methyl ether (4 x 200 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated. The residue was purified by flash chromatography (SiO 2 , pentane/tert-butyl methyl ether, 3/1) to give the title compound as colorless oil, which was dried under high vacuum for 1 h (20.5 g, 98%).
  
[c = 1.8, EtOAc, lit.: [6] +82. 
2,2'-[(3R,4S)-2-Oxotetrahydrofuran-3,4-diyl]diacetic acid (6)
. [6] A solution of lactone 5 (200 mg, 1.45 mmol) in acetone (1 mL) and added dropwise over a period of 1 h to a solution of KMnO 4 (699 mg, 4.42 mmol) in water (5 mL) at 0 °C. The brown slurry was stirred for 1 h at 0 °C, warmed to room temperature and stirred overnight. NaHSO 3 was added in order to destroy any remaining KMnO 4 . The resulting slurry was filtered through a pad of Celite and the filter cake carefully rinsed with water/THF (1/1, 25 mL). The combined filtrate was acidified to pH 2, saturated with NaCl and extracted with tert-butyl methyl ether/THF (2/3, 6 x 40 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure (the bath temperature must not exceed 30 °C). The remaining while solid material was dried under high vacuum and found pure enough for immediate further use (283 mg, 97%).
The reaction was also performed on much larger scale, using KMnO 4 (119.4 g, 0.76 mol) in water (650 mL) and lactone 5 (26.1 g, 189 mmol) in acetone (139 mL) to give analytically pure 6 (27.3 g, 71%) which analyzed as follows: m.p. = 162-164 °C (EtOAc, lit. [6] 
(3aS,5R,6aR)-5-Hydroxyhexahydro-1H-cyclopenta[c]furan-1-one (8).
[4a] NaOAc (7.04 g, 85.8 mmol)
and Pt/C (10 wt-%, 781 mg, 1.4 mol-%) were added to a solution of keto-lactone 7 (4.01 g, 28.6 mmol) in EtOAc (120 mL) and the mixture was stirred under an atmosphere of hydrogen (1 atm) for 1.5 d. The suspension was filtered through a pad of silica which was carefully rinsed with EtOAc (2 x 20 mL). The combined filtrates were evaporated under reduced pressure to give the title compound as pale yellow solid (4.04 g, 99%): m.p. = 64-65°C (EtOAc, lit.: [8] 69-70°C);    
{(1S,2R,4S)-4-[(tert-Butyldimethylsilyl)oxy]-2-(prop-1-yn-1-yl)cyclopentyl]methanol (11).
A flame dried 2-neck round bottom flask, equipped with a reflux condenser and a dropping funnel, was charged with PPh 3 (43.4 g, 165 mmol). THF (450 mL) and the lactone 9 (5.31 g, 20.7 mmol) were added and the mixture was stirred at reflux temperature (oil-bath temperature  80 °C). A solution of CCl 4 (50 mL, 79.5 g, 516 mmol) in THF (50 mL) was added dropwise over a period of 3.5 h. Once the addition was complete, stirring was continued at this temperature for 3 h, before the mixture was cooled and the reaction quenched with water (10 mL). The mixture was extracted with tert-butyl methyl ether (3 x 200 mL), the combined organic phases were washed with sat. aq. NaHCO 3 (100 mL) and brine (50 mL), before they were dried over was added dropwise over a period of 3.5 h. Once the addition was complete, stirring was continued at this temperature for an additional 3 h, before the mixture was allowed to cool and the reaction was quenched with water (10 mL). The mixture was extracted with tert-butyl methyl ether (3 x 200 mL), the combined organic phases were washed with sat. aq. NaHCO 3 (100 mL) and brine (50 mL), before they were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure (Note: GC-MS shows that the desired dichloro-olefin 10 was the major component at this 
1-Bromo-3-pentyne (14)
. [13] Br 2 (6.65 g, 41.6 mmol) was added dropwise at 0 °C to a solution of PPh 3 (11.7 g, 44.6 mmol) in MeCN (62 mL) and Et 2 O (114 mL) and the resulting mixture was stirred for 20 min at this temperature. Imidazole (3.0 g, 44.66 mmol) was then added in portions before 3-pentyn-1-ol (2.5 g, 29.7 mmol) was slowly introduced. The slurry was stirred for 30 min at 0 °C and for 2 h at ambient temperature. The reaction was quenched with sat. aq. NaHCO 3 and the aqueous phase extracted with pentane (2 x 100 mL). The combined extracts were dried over (R)-6-Octyn-2-ol (S2). [14] Bromide 14 (3.59, 24.4 mmol) was added dropwise to a suspension of activated magnesium [15] (832 mg, 34.2 mmol) at 0 °C. The mixture was stirred for 30 min at 0 °C and for 40 min at room temperature. After cooling to 78 °C (15 min cooling time), CuCN (219 mg, 2.44 mmol) followed by (R)-propylene oxide (1.14 mL, 947 mg, 16.3 S10 mmol) was introduced. The resulting mixture was stirred for 30 min at 78 °C before the cooling bath was removed and stirring was continued for 16 h. For work up, the reaction was quenched at 0°C by the careful addition of sat. aq. NH 4 Cl (ca. 30 mL), the obtained slurry was filtered through a pad of Celite to remove the remaining magnesium powder and the filtrate was extracted with tert-butyl methyl ether (4 x 50 mL). The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated, and the residue was subjected to flash chromatography (SiO 2 , hexane/tert-butyl methyl ether, 4/1) to yield the title compound as a pale yellow oil (1. 
Preparation of (R)-bis(3,5-di-tert-Butylphenyl)(1-methylpyrrolidin-2-yl)methanol (25). This ligand
was prepared in analogy to a literature protocol. [9] [16] Magnesium turnings (682 mg, 28.1 mmol) were combined with iodine (ca. 4 mg) in a 2-neck round bottom flask, equipped with a reflux condenser. The iodine was sublimed via a heatgun and THF (6 mL) was introduced after the iodine vapor had settled, followed by the dropwise addition of a solution of the 3,5-bis-tert-butylphenylbromide in THF (10 mL). The reaction was initiated via gentle heating after addition of ca. 1/3 of the bromide.
Once the addition was complete, the mixture was stirred at 80 °C for 2 h. The resulting solution was slowly added to a solution of benzyl 2-methyl (R-pyrrolidine)-1,2-dicarboxylate (N-Cbz D-proline methyl ester, 1.79 g, 6.80 mmol) in THF (7.4 mL) at 0 °C. The mixture was warmed to room S11 temperature and stirred for 2 h. The reaction was carefully quenched with sat. aq. NH 4 Cl (10 mL) and extracted with tert-butyl methyl ether (3 x 100 mL). The combined organic phases were washed with sat. aq. NaHCO 3 (30 mL) and brine (30 mL) before they were dried over Na 2 SO 4 , filtered and concentrated. The residue was purified by flash chromatography (SiO 2 , hexane/EtOAc, 9/1) to give a mixture of the target compound 25 and di-tert-butylbenzene.
This mixture was dissolved in THF (90 mL) and cooled to 0 °C before LiAlH 4 (684 mg, 18.0 mmol) was added portionwise over a period of 5 min. The cooling bath was removed and the mixture stirred at 90 °C for 30 min. The reaction was carefully quenched at 0°C with sat. aq. NH 4 Cl (ca. 10 mL). A saturated aqueous solution of Rochelle's salt (5 mL) was added and the mixture was stirred for 45 min. Insoluble material was filtered off through a pad of Celite, the filtrate was checked for a pH > 8
and extracted with tert-butyl methyl ether (3 x 100 mL). The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated to give a colorless oil containing small amounts of a white to give the title compound as colorless oil (247 mg, 74%).
The reaction was also performed on larger scale, using aldehyde 13 (1.67 g, 6.28 mmol), ester 16
( 
4-hydroxybut-2-enoate (S3)
. [10] Red-Al (65 wt-% in toluene, 3.03 mL, (+)-Brefeldin A (1). [11] HCl (2 M in water, 8. Crystals suitable for X-ray diffraction were obtained by slow evaporation of the solvent from a solution of the compound in MeOH/acetone. [12] δ, ppm J (Hz) δ, ppm J (Hz) δppm) [12] δ, ppm δ, ppm δppm)
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